Background: Nocturnal enuresis is the most common pediatric urologic problem in outpatient clinics. Objectives: To assess the effect of various monotherapies, and comparing the effects of desmopressin, imipramine, and oxybutynin in children with enuresis, as well as the influence of socioeconomic and cultural factors of their families on the response and relapse rates.
Background
Nocturnal enuresis or bed wetting is defined as the persistence of spontaneous and inappropriate voiding of urine during sleep after the age of expected bladder control (1, 2) . Enuresis is explained in the DSM-IV as the "repeated voiding of urine into bed or clothes at least twice a week for at least 3 consecutive months in a child who is at least 5 years of age" (3) . Nocturnal enuresis is described as the primary enuresis if the child has not been dry for more than 6 months (4). Bed wetting is the most common pediatric urologic problem in outpatient clinics (1) and is 3 times more common in boys than girls (2) . Nocturnal enuresis affects 15 -20% of 5 year olds, 5% of 10 year olds, 7% of 7 year olds, 2 -3% of 12 -14 year olds, and 1 -2% of individuals aged 15 years and over (4) . Without treatment, the average annual spontaneous cure rate is approximately 15% (5) .
Enuresis seems to be a multifactorial condition with different contributing factors, including genetics, sleeparousal dysfunction, overnight polyuria, urodynamic features, developmental delay, and psychosocial problems (1) .
Before considering any therapeutic approach, it is important to identify the possible underlying mechanism of bed wetting and rule out other organic causes of enuresis. Careful evaluation is required to determine specific urologic, psychosocial, developmental, and sleep-related etiologies. However, most children with primary nocturnal enuresis only need a precise medical history, physical examination, and urinalysis before starting the treatment. Management of primary nocturnal enuresis should begin with educating and reassuring the child and parents about the condition. Behavioral interventions are the first line of treatment and pharmacotherapy is only indicated for children who are impacted by their enuresis (6). Medication should not be started in children unless non-pharmacological interventions fail (2) . Three frequently used drugs for the treatment of enuresis are imipramine, desmopressin, and oxybutynin (1, 2, 7).
Objectives
The study aimed to assess which one of the above pharmacological interventions is more efficacious. We evalu-ated the outcomes of interventions to determine: 1) the rate of initial success as defined by the reduction in the number of wet nights per week, and 2) the rate of relapse after discontinuing the medications.
The study, also explored the effect of demographic and socioeconomic variables on the response and relapse rate.
Patients and Methods
The study was a randomized clinical trial conducted in 92 otherwise healthy children aged 5 -14 years, who were referred to the pediatric clinic of Amir al Momenin Hospital in Semnan, Iran, during 2009 and 2010. The hospital is a provincial referral general hospital affiliated to Semnan University of Medical Sciences. Inclusion criteria included primary enuresis (two or more wet nights per week and not dry for more than 6 months after the third year of life), not receiving any medication for enuresis during the last 6 months, and lack of clinical or laboratory signs suggestive of any underlying disease other than enuresis. Both children and their parents were given detailed explanation about the study and treatment rationale, and the side effects of the drugs. Then, the parents would be asked to sign the consent form, if they allowed their children to participate in the trial.
A simple random sampling method was used to recruit the patients from the children with enuresis referred to the pediatric clinic of Amir al Momenin Hospital. In this regard, 150 children (5 -14 years old) with primary enuresis were recruited. Children were examined by pediatricians to ensure they were otherwise healthy. After detailed history taking and careful physical examination, urinalysis, urine culture, and urinary system, ultrasound were performed for all children. The parents of 19 children refused to participate in the study and other 15 patients withdrew from the study during the first assessment. A further 24 children were excluded from the study because of either history of day wetting, abnormal urinalysis or ultrasound, or urinary tract infection. Therefore, our sample included 92 patients aged between 5 -12 years.
A simple randomization procedure was used to allocate the remaining 92 patients into 3 treatment groups. The first group was given 1-2 puffs (10 -20 µg) of nasal desmopressin (n = 30), the second group 25 -75 mg imipramine (n = 31), and the third group 5 -15 mg oxybutynin (n = 31). Medications were dispensed at the clinic and participants were asked to fill the follow-up forms every morning and attend a follow up visit every 3 weeks. During the first visit, the detailed explanation of the medication, its' possible side effects, dosage, and other necessary information were given, and participants were asked to call the physician if any major side effect was noticed. During the next follow up visits, the children were evaluated for the side effects or any possible difficulties. If participants were affected by the side effects of the medication, the responsible drug would be discontinued. When a child did not show up for the follow up visit, the researchers contacted him or her to find out the reasons and discuss the problems. Any child who had not received the medication properly or was affected by major side effects was excluded from the study. The duration of treatment was 6 weeks and all children were evaluated regarding the number of wet nights per week at the end of the 6th week. Moreover, all children were followed up for a further 3 months for the number of wet nights after discontinuing the medication (Figure 1 ).
The criterion for successful treatment was lack of wet nights for at least two consecutive weeks. Relapse was defined as the reappearance of more than 2 wet nights per week, 3 months after the discontinuation of pharmacological therapy.
The study protocol was approved by the Ethics Committee of Semnan University of Medical Sciences. The trial has been registered in the Iranian registry of clinical trials (IRCT138807042503N1).
Statistical analysis were performed by KolmogorovSmirnov, Mann-Whitney, and Chi-square tests to compare demographic and socioeconomic variables, cure rate and relapse rate between the 3 groups using SPSS 16.0 software. P value < 0.05 was considered statistically significant.
Results
Out of 92 participants with enuresis, 30 children received nasal desmopressin, 31 children were given imipramine, and 31 others received oxybutynin. Three groups recruited for the study were rather homogenous. The characteristics of the groups are shown in Table 1 .
During the 6-week-trial, pharmacotherapy was successful in 60 children, indicating the overall response rate of 65.2%. The study revealed a slightly higher rate of response to treatment in the oxybutynin group (71.0%), compared with the desmopressin group (63.3%), and the imipramine group (61.3%). However, the difference between the three groups was not statistically significant (P = 0.70).
After discontinuing the therapy, 30 children presented with bed wetting again, indicating a relapse rate of 50% in general. The oxybutynin group showed a markedly lower relapse rate (31.8%) compared to the other two groups (desmopressin 57.9% and imipramine 63.2%), however, the difference was not statistically significant (P = 0.095) ( Table 2 ).
The present study found no significant side effects due to the medications. A few children in the oxybutynin group experienced mild headache, dry mouth, or stomach upset, which did not lead to discontinuation of the treatment. A small number of children in the imipramine group had mild drowsiness, and a few of them experienced mild gastrointestinal upset, which was not disturbing. Mild headache and minimal nasal congestion were the only side effects in the desmopressin group. As a whole, none of our samples suffered from noticeable side effects due to medications. 
Discussion
The study evaluated the treatment outcomes in children enuresis and compared the successful response and relapse rates among children treated with three different medications. Our aim was to assess which of the pharmacological interventions was more efficacious. We evaluated the outcomes of the interventions by assessing the rate of response, as well as the rate of relapse. No serious adverse effects were reported in any group.
Rate of Response
The study showed that oxybutynin was successful in 71% of children with enuresis after 6 weeks therapy, followed by desmopressin (63.3% success) and imipramine in (61.3% success). Although the response rate was higher in the oxybutynin group than the desmopressin and imipramine groups, the difference was not statistically significant (P = 0.701). A huge number of studies have compared the effect of non-pharmacological interventions, desmopressin, antidepressants, or various combination therapies. Review of the literature indicates that oxybutynin has been effective in 47 -71% of children and showed a better response if combined with desmopressin (2). Nasal desmopressin had been efficacious in 60 -70% and imipramine in 40 -60% of children (2) . A systematic review based on a meta-analysis from the Cochrane collaborative stated that desmopressin can result in 1 -2 fewer wet nights per week compared with the placebo (8) . Another systematic review showed that imipramine has been associated with a reduction of about one wet night per week during the treatment (9). There is not enough evidence-based and reliable information indicating oxybutynin as an efficacious treatment for monosymptomatic enuresis (10) . Some studies recommended oxybutynin for desmopressin resistant children, or those with primary nocturnal enuresis and daytime wetting (2, (11) (12) (13) . Several studies stated that oxybutynin is more effective in children who have small bladders, restricted bladder capacity, thickened bladder wall, and hyperactive detrusors (11, 14) . In one study, the majority of children enuresis (88.2%) with inadequate bladder storage function were responsive to the 15 mg daily oxybutynin regime, while in patients with normal bladder function this medication was generally unsuccessful for enuresis (15) . In a study by Montaldo et al. (11) , the responders to combined oxybutynin and desmopressin showed a higher rate of response (45%) compared with the desmopressin plus placebo group (17%).
In a recent study in Iran, the cure rate for oxybutynin was only 23% (16) , while in a randomized double-blind controlled trial the response rate of oxybutynin was 45% (11) . Our study showed that oxybutynin has been more effective than the other pharmacological options. Oxybutynin had a role for treating children with a restricted bladder capacity who did not have lower urinary tract symptoms during the day (17) . One study concluded that in children with enuresis, bladder capacity during sleep was significantly lower than day time capacity, and these children may not be able to hold urine during sleep (18) . This may explain the better response to oxybutynin in our samples. We did not evaluate children's bladder capacity or function, but we obtained a better response to oxybutynin, which was inconsistent with previous studies. Yeung et al. observed a reduction in nocturnal functional capacity of bladder during sleep at night in children who had a normal daytime urodynamic and functional bladder capacity. These children were refractory to treatment with desmopressin (19) , but they showed a good response to oxybutynin (12, 15, 17) . Neveus (14) in a case-control study concluded that those responding to oxybutynin have small bladders and possibly hyperactive detrusors, whereas children responding to desmopressin or those who need both drugs for staying dry have polyuria. Our findings highlight the idea that children with monosymptomatic enuresis without lower urinary tract symptoms during the day may still have problems with their nocturnal or functional bladder capacity.
It is well established that treating enuresis cannot be successful if the child and their parents do not cooperate, and that treatment with medication will fail if the family's social construct and home circumstances are not supportive. The clear differences between the findings of our study and previous studies may be partly explained by this point. Other important factors in treatment success are comorbid psychological, behavioral, and emotional problems as well as age of the child (9) . A positive family history of enuresis, child's drinking habit, abnormal deep sleep pattern and constipation have a strong impact on the response to treatment (20) . Parents, who experienced bedwetting, may have a more tolerant attitude towards the enuresis of their children (20) , which can positively affect the child's response to the medication. Other risk factors of enuresis, including low socioeconomic level of the family, low school success, inappropriate and forced toilet training, and strict or over protective parents (21) may also influence the response to treatment. Moreover, the various treatment approaches are influenced by the child's environment, and by the background and prejudgments of the family. As suggested by the Cochrane Database of systematic reviews: "not all interventions are suitable for all children" (9).
Rate of Relapse
In our study, the oxybutynin group showed a clearly lower relapse rate (31.8%) compared to the desmopressin (57.9%) and imipramine (63.2%) groups, with the relapse rate in the imipramine group being approximately twice as much as of the oxybutynin group. However, the difference was not statistically significant (P = 0.095). There are limited studies on relapse rates of anticholinergic medication in enuresis. However, studies evaluating other medications have shown good initial response, albeit a substantial relapse rate (80 -90%) when children were off medication (1). Studies on desmopressin have reported the relapse rates as high as 80% (22), which is higher than the relapse rate in our study. Some RCTs have shown no significant difference between desmopressin and placebo in terms of success rates after discontinuing the treatment; and in comparison with alarms, desmopressin has been less effective when treatment was stopped (7) . Review of the literature has shown that most children would relapse after discontinuing imipramine treatment (9) . Controlled double blind trials have reported a long-term cure rate of 25% for imipramine (23) . Relapse was reported in 60% of patients with enuresis treated with oxybutynin plus imipramine during the follow up period (12) . Only in one study, the relapse rates for imipramine and oxybutynin were 58.6% and 42.3%, respectively (16) , which was compatible to our findings. In addition, the study conducted by Kwak KW and his co-workers (24) showed that in the full responders to desmopressin and enuresis alarm, 60.7% did not relapse after cessation of treatment. However, when they added oxybutynin, 88.9% did not relapse after discontinuation of treatment. These findings are also in agreement with the results of our study.
The main limitation of our study was the small sample size. Although the relapse rate of the three groups were different, because of the small sample size, the statistical analysis was not significant. The other limitation was that we recruited our samples from a relatively homogenous urban population with rather similar cultural and family circumstances. Further clinical trial studies with larger sample size on different populations are needed to produce more reliable results in this field.
Nocturnal enuresis is a common problem seen by pediatricians and is one of the most common sources of concern for children and their families. Despite many years of research, there are still some uncertainties about the benefit of pharmacological treatment and the most efficacious interventions. More studies with larger sample size and longer duration of treatment and follow up are needed to decide which treatment is the most appropriate for enuresis. Studies should be performed on children with various cultural and socioeconomic backgrounds and different family circumstances and should take into account the individual characteristic of every child. This will help clinicians to determine which treatment best suites which children.
Authors' Contributions
Study concept and design: Maryam Seyfhashemi; Acquisition of data and drafting of the manuscript, as well as administrative, technical, and material support: Abbas Zolfaghari and Maryam Seyfhashemi; Analysis and interpretation of data: Raheb Ghorbani and Maryam Seyfhashemi; Statistical analysis: Raheb Ghorbani; Study supervision: Maryam Seyfhashemi; and Critical revision of the manuscript for important intellectual content: All authors.
Financial Disclosure
None of the authors had any financial interests related to the material in the manuscript, or any conflict of interest to declare.
Funding/Support
This work was financially supported by Semnan University of Medical Sciences, Semnan, IR Iran.
